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ELECTRON EMISSION ELEMENT, AND IMAGE 
FORMATION DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of ah electron emission element with an excellent 
electron emission characteristic by using a carbon 
material as a material of for electron emission. 

SOLUTION: In a manufacturing method of an electron 
emission element, wherein a couple of an emitter 
electrode and a gate electrode provided oppositely to 
each other on a substrate 1 are constructed with slit 
formed in conductive films 2, 3 composed of carbon or 
carbon compound, a conductive probe is provided, a 
potential is given to between the probe and the 
conductive films 2, 3 so that the probe is scanned, a 
part of the conductive films 2 and 3 is disappeared, and 
the slit (ah electron emission parte) is formed. 
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**** s k ows th e wor d which can not be translated. 
.In the drawings, any words are not translated. 



XAIMS 



31aim(s)] 

31aim 1] In the manufacture method of the electron emission element constituted by the slit formed on the substrate at 
le conductive film with which it has the emitter electrode and gate electrode of a couple which counter, and this 
mitter electrode and a gate electrode consist of carbon or a carbon compound The manufacture method of the electron 
mission element which carries out opposite arrangement of the conductive probe at the aforementioned conductive 
lm, and is characterized by giving potential between this probe and this conductive film, making the aforementioned 
robe scan, disappearing in some aforementioned conductive films, and forming the aforementioned slit. 
Dlaim 2] The manufacture method of an electron emission element according to claim 1 that the aforementioned slit is 
laracterized by carrying out position modulation within a flat surface. 

^lairn 3] The electron source characterized by constituting the electron emission element obtained by the manufacture 
tethod according to claim 1 by arranging more than one and connecting on the aforementioned substrate, 
^laim 4] Image formation equipment which carries out opposite arrangement of the rear plate which comes to have an 
ectron source according to claim 3, and the face plate which has a fluorescent screen, and is characterized by 
radiating the electron emitted from the aforementioned electron source at the aforementioned fluorescent screen, and 
jrfofming image display. 



ranslation done.] 
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)ETAILED DESCRIPTION 



Detailed Description of the Invention] 
3001] 

rhe technical field to which invention belongs] this invention relates to the electron source and image formation 
quipment using the manufacture method and this electron emission element Q f ********** which used carbon or the 
arbon compound. 



Description of the Prior Art] Conventionally, it divides roughly into an electron emission element, and two kinds, a 
lermionic emission element and a cold cathode electron emission element, are known. There are a field emission type 
TE type" is called hereafter), a metal / insulating layer / metal mold (an "MIM type" is called hereafter), etc. in a cold 
athode electron emission element. The thing of a publication etc. is known by the report (C. A.Mead: J.Appl.Phys., 
2,646 (1961)) of Mead as an MIM type example. 

)003] Moreover, generally FE type is divided roughly into the electron emission element ("FEA of a vertical mold" is 
ailed hereafter) of a vertical mold, and a flat-surface type electron emission element ("flat- surface type FEA" is called 
sreafter) from the structure. 

)004] FEA of a vertical mold is shown in drawing 1 1 , and this typical schematic drawing of flat- surface type FEA is 
lown in drawing 12 . 



)005] As shown in drawing 1 1 , as for FEA of a vertical mold, the emitter electrode 202 is presenting the 
)nfiguration of a square drill or a cone in the perpendicular direction from the substrate 201 . 

)006] Moreover, flat-surface type FEA is presenting the configuration of Kushigata, a triangle and a square, in the 

jection where the emitter electrode 202 is parallel to a substrate 201, as shown in drawing 12 . 

>007] A thing given [ as an example of FEA of a vertical mold ] in Dyke's and others report (W. 8 P. Dyke 

ldW. W.Dolan: "Field emission", Advance in Electron Physics, 89 (1956)), The report of Spindt (C.) 

A. Spindt: "Physical Properties of thin-film field emissioncathodes with molybdenium ] The thing cones" and given in 

AppLPhys., and 47 and 5248 (1976) etc. is known. 

'008] moreover, as an example of flat-surface type FEA A thing given in Kaneko's and others report (A. Kaneko, 
Kanno, KTomii, M.Kitagawa and"T.Hirao:IEEE Trans, Electron Devices, 392395 (1991)), Itoh's and others report (J. 
Itoh, KTsuburaya and S.Kanemaru:Tech.Dig.l 1th Sensor Symp., and p. 143 (Tokyo, Japan, 1992) -) (J. A thing 
ven in Itoh, KTsuburaya, S.Kanemaru, T.Watanabe and SItoh:JpnJ.Appl.Phys.32, and 1221(1993)), Hyung-II Lee's 
id others report 0 [ Hyung-II ] Lee, Soon-Soo Park, Dong-II Park, Sung-Ho Hahm, Jong-Hahm, Jong-Hyun Lee and 
Jig-Hee LeerJ.Vac.Sci.Technol.B 16 (2), A thing given in 1998, The thing of a publication etc. is known by Gotoh's 
id others report (Y. Gotoh, T.Ohtake, N.Fujita, KInoue, H.Tsuji and J.Ishikawa:J, Vac.Sci.Technol.B 13(2) 1995). 
009] By the manufacture method of conventional flat-surface type FEA, the electron emission section is formed 
ing photolithography technology, FIB technology, and membrane stress. 

010] Moreover, as an example of a surface conduction type electron emission element, the thing of a publication etc. 
in Elinson's report (M. LElinson:Radio Eng.Electron Phys., 10 (1965)). 

011] This surface conduction type electron emission element uses the phenomenon which electron emission produces 
r the thin film of the small area formed on the substrate by passing current in parallel with a film surface. The thing 
ing Sn02 thin film- given in a report of aforementioned Elinson as this surface conduction type electron emission 
sment, What is depended on Au thin film (G. Dittmer:Thin Solid Films, 9,3 17 (1972)), In 203 / Sn02 What is 
pended on a thin film (M. Hartwell and C.G.Fonstad:IEEETrans.ED Conf., 519 (1975)), What is depended on a 
rbon thin film (Araki a vacuum, the 26th volume, No. 1, the 22nd term (1983) :) is reported. 

312] As typical element composition of these surface conduction type electron emission elements, the composition of 
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ibove -mentioned HartwelTs (Hartwell) element is shown in drawing 13 . In drawing 13 , in 101, a substrate and 102 
how a cbnductive film and 1 03 shows the electron emission section, respectively. 

0013] As shown in drawing 1 3 , the conductive film 102 consists of a metalhc-oxide thin film formed in the pattern of 
I type configuration of the spatter, and the electron emission section 103 is formed of the energization processing 
called below-mentioned energization foaming. In addition, 0.5mm - 1mm and W are set as 0.1mm for the element 
Qter-electrode distance L in drawing. 

0014] In these surface conduction type electron emission elements, before performing electron emission, it is common 
o perform energization processing beforehand called energization foaming to the conductive film 102, and to form the 
lectron emission section 103. that is, with energization foaming, impression energization of the voltage is carried out 
d the ends of the aforementioned conductive film 102, the conductive film 102 is broken, deformed or deteriorated 
Dcally, and structure is changed — making — electric — high — it is the processing which forms the electron emission 
ection 103 of a state [****] j n addition, in the electron emission section 103, the crack has occurred on some 
onductive films 1 02, and electron emission is performed from near [ the ] a crack. 

3015] Conventionally, as an example which carried out array formation of many surface conduction type electron 
mission elements,, a surface conduction type electron emission element can be arranged in parallel, and the electron 
ource which carried out the line array (ladder-like arrangement) of many lines which connected respectively the ends 
30th element electrode) of each surface conduction type electron emission element with wiring (common wiring) can 
e mentioned (for example, JP,64-3 1332,A, JP,1-293749,A, JP,2-257552,A). 

3016] Moreover, especially in display, the display which combined the electron source to which it was possible to 
aye considered as monotonous type display equivalent to the display using liquid crystal, and the back light has 
loreover arranged many surface conduction type electron emission elements as unnecessary spontaneous light type 
isplay, and the fluorescent substance which emits light in the light by irradiation of the electron ray from this electron 
Durce is proposed (the U.S. patent No. 5066893 specification). 
)017] 

:> roblem(s) to be Solved by the Invention] Generally, an electron emission element needs to process an emitting point 
r its near to a detailed slit, and, as for the processing, the size of nanometer order is needed. 
)018] Especially, in flat-surface type FEA, the slit width between an emitter and the gate serves as an important 
arameter which determines the electron emission characteristic. 

>019] Furthermore, the material of an emitter is important for the electron emission section, and in order to raise 
ectron emission efficiency, it is desirable [ a thing ] to choose the material of a low work function. Furthermore, 
ermal resistance etc. is required. 

>020] Emitter material has various kinds of carbon materials containing a metal, a metallic oxide, graphite, and a 
amond etc. 

>021] Development is progressing noting that especially various kinds of carbon materials containing graphite, a 
amond, and amorphous carbon are favorable factors at the electron emission section. The case where a carbon 
aterial constitutes the electron emission section itself as a conductive material, and the electron emission section may 
5 covered with a carbon material. 

022] However, there was a problem as shown below by the manufacture method of conventional flat-surface type 
3A mentioned above. 

023] Namely, for a latus reason, in the method of forming the electron emission section with photolithography 
shnology, the interval of an emitter electrode and a gate electrode cannot drive by the low battery. 
024] on the other hand, in the method of forming the electron emission section with FIB technology, although there 
as an advantage that it could drive by the low battery while being able to narrow the interval of an emitter electrode 
d a gate electrode, forming the electron emission section over a large area was not completed, and there was a fault 
at a manufacturing cost rose 

025] Moreover, in the method of using membrane stress and forming the electron emission section, although there 
is an advantage that it could drive by the low battery while being able to narrow the interval of an emitter electrode 
d a gate electrode easily, it was inferior to repeatability and there was a fault that there was no controllability, 
oreover, in order to use stress, there was also a problem that material was mainly limited to crystal material. 
326] Furthermore, in the method of forming the electron emission section by energization foaming to the 
nventional surface conduction type electron emission element mentioned above, while the interval of the electron 
lission section varied, it was inferior to repeatability and there was a fault said that there is no controllability. 
327] Especially, a carbon material is used as an electric conduction film, by the method of forming the electron 
lission section by energization foaming, an electric conduction path remains [ formation of a slit ] in eye an 
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nadequate hatchet, it serves as a leakage current, and it frequently led to degradation of a property. 

0028] By the way, there is a report which performed graphite and the carbon film as one of the etching methods of a 

:arbon material using the SPM method (scanning probe microscope). 

0029] By this method, it can ********** in arbitrary positions on a flat surface, and detailed processing of nano order 
s possible. 

0030] Moreover, when a carbon film is thin, it can be easily processed to a substrate side, and required potential can be 
;et up low, and there is the feature that it is processible in the atmosphere, further. 

0031] Specifically, this invention is for the purpose of offering the manufacture method of the electron emission 
element which solved the problem mentioned above to. use a carbon material as the electron emission section, and offer 
he manufacture method of an electron emission element which was excellent in the electron emission characteristic. 
0032] Moreover, other purposes of this invention are to offer the electron source which used such an electron emission 
;lement, and image formation equipment. 
0033] 

Means for Solving the Problem] In order to attain the purpose mentioned above, the manufacture method of the 
electron emission element of this invention In the manufacture method of the electron emission element constituted by 
he slit formed on the substrate at the conductive film with which it has the emitter electrode and gate electrode of a 
couple which counter, and this emitter electrode and a gate electrode consist of carbon or a carbon compound Opposite 
jrrangement of the conductive probe is carried out at the aforementioned conductive film, and it is characterized by 
;iving potential between this probe and this conductive film, making the aforementioned probe scan, disappearing in 
ome aforementioned conductive films, and forming the aforementioned slit. 

0034] Moreover, as for the aforementioned slit, it is desirable that position modulation is carried out within a flat 
urface. 

0035] Moreover, the electron source of this invention is characterized by constituting the electron emission element 
•btained by the manufacture method mentioned above by arranging more than one and connecting on the 
forementioned substrate. 

3036] Moreover, the image formation equipment of this invention carries out opposite arrangement of the rear plate 
/hich comes to have the electron source mentioned above, and the face plate which has a fluorescent screen, and is 
haracterized by irradiating the electron emitted from the aforementioned electron source at the aforementioned 
[udrescent screen, and performing image display. 
3037] 

Embodiments of the Invention] Hereafter, a desirable operation gestalt is mentioned and explained about the electron 
Durce and image formation equipment using the manufacture method and this electron emission element of the 
lectron emission element concerning this invention. 

3038] Drawing 1 is the ** type view showing an example of the electron emission element manufactured by the 
xanufacture method of this invention, drawing 1 (a) is a plan and drawing 1 (b) is drawing of longitudinal section. 
Moreover, it is explanatory drawing for explaining the manufacture method of drawing 2 and the electron emission 
lement of this invention. 

)039] Based on drawing 1 and 2, the electron emission element manufactured by the manufacture method concerning 
lis invention is explained. 

)040] It is Si02 by the spatter etc. to the glass which decreased impurity contents which fully washed the front face 
eforehand, such as quartz glass and Na, as a substrate 1 which forms an electron emission element, blue sheet glass, 
Lue sheet glass, Si substrate, etc. Ceramics, Si substrates, etc. which carried out the laminating, such as a layered 
roduct and an alumina, can be used. 

)041] On this substrate 1, the element electrodes 4 and 5 for making electric OMIKKU connection on the conductive 
lms 2 and 3 which consist of carbon or a carbon compound, and these conductive films 2 and 3 are countered and 
)rmed. 

)042] The conductive films 2 and 3 which consist of carbon or a carbon compound are formed by the general vacuum 
)rming-membranes methods, such as a vacuum deposition, a spatter, and a plasma polymerization method, or the 
lethod which combined an application, printing, and the baking process of an organic compound. 
)043] Furthermore, by photolithography technology, a part of the film is removed from a substrate 1, and a pattern is 
>rmed. In addition, thin films 2 and 3 are not separated at this process. 

)044] Generally in the electron emission element manufactured by the manufacture method of this invention, carbon 
id carbon compounds 2 and 3 have conductivity. 

)045] With carbon and a carbon compound, there is a carbon film which distributed organic polymeric materials, 
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morphous carbon, graphite, diamond-like carbon, and the diamond. 

0046] The element electrodes 4 and 5 which counter are formed by general vacuum membrane formation technology 
nd photolithography technology, such as a vacuum deposition and a spatter. The material of the element electrodes 4 
nd 5 For example, a metal or the charges of an alloy, such as Be, Mg,.Ti, Zr, Hf, V, Nb, Ta, Mo, W, aluminum, Cu, ■ 
dckel, Cr, Au, Mo, W, Pt, Ti, aluminum, Cu, and Pd, In 203, PdO, and Sb 203 etc. — carbide, such as an oxide, and 
:iC, ZrC, HfC, TaC, SiC, WC, - HfB2, ZrB2, LaB6, CeB6, YB4, and GdB4 etc. ~ it is suitably chosen from 
emiconductors, such as nitrides, such as a boride, and TiN, ZrN, HfN, and Si, germanium, carbon, a carbon 
ompound, etc. 

0047] In addition, when the conductive films 2 and 3 which consist of a thin film of carbon and a carbon compound, 
nd the element electrodes 4 and 5 consist of same material, the conductive films 2 and 3 which consist of a thin film of 
arbon and a carbon compound may be substituted for the element electrodes 4 and 5. 

3048] In the electron emission element manufactured by the manufacture method of this invention, the electron 
mission section 6 uses the so-called SPM method, produces a detailed slit and is formed. 

3049] That is, as shown in drawing 2 , while it has the control unit 8 and the potential control unit 9 which were 
onnected to the conductive probe 7 and this conductive probe 7 and a control unit 8 detects the position of the height 
irection of the conductive films 2 and 3, potential is given between the conductive films 2 and 3 and a probe 7 with the 
le potential control unit 9. Moreover, when a probe 7 scans the inside of a flat surface with a control unit 8, only the 
canned portion ****** * * * * s alternatively. 

)050] As a method of detecting a position by the SPM method, there are an STM method, the ATM method, etc. and 
le detection means for it can choose various kinds of things. Moreover, various kinds of things can be chosen as a 
robe 7 and a control unit 8. 

)051] In the manufacture method of the electron emission element concerning this invention, in order to form a slit, as 
>r the potential given between the conductive films 2 and 3 and a probe 7 by the control unit 9, the conductive films 2 
id 3 serve as an electropositive potential to a probe 7. Even if potential is DC, it may be a pulse. 
)052] An emitter electrode, and 3 and 5 axe constituted for 2 and 4 as a gate electrode by formation of a detailed slit. 
)053] The interval L of a slit is made into the range of several nm - hundreds of nm, and let it more preferably be the 
inge of 3nm - lOOnm in consideration of the voltage which drives an electron emission element. Length W of the 
ectron emission section considers as the range of several micrometers - hundreds of micrometers, and is more 
referably taken as the range of 50 micrometers - 500 micrometers in consideration of the electron emission 
laracteristic etc. Moreover, the thickness d of the conductive films 2 and 3 considers as the range of dozens of nm - 
;veral micrometers, and is more preferably taken as the range of lOnm - 1 micrometer in consideration of the electron 
nission characteristic etc. 

»054] Furthermore, even if the electron emission section 6 is a straight line, it may be the configuration by which 

)sition modulation was carried out to a triangle, a square, and arbitrary forms into the flat surface. 

•055] Drawing 3 is the ** type view showing an example of the vacuum devices for measuring the electron emission 

laracteristic. In drawing 3 , it is the exhaust for 25 exhausting vacuum devices and 26 exhausting vacuum devices. 

[oreover, the ammeter for the power supply for 21 carrying but the seal of approval of the element current Vf to an 

ectron emission element and 20 measuring element inter-electrode element current If and 24 are the anode electrodes 

r catching the emission electron emitted from the electron emission section of an element. Moreover, the high voltage 

>wer supply for 23 carrying out the seal of approval of the voltage to an anode electrode and 22 are the ammeters for 

easuring the emission current le which is emitted from the electron emission section and which is emitted. 

056] Moreover, in the electron emission element shown in drawing 3 , in 1, a substrate, and 2 and 3 show four and a 

>nductive film and 5 show an element electrode, respectively. 

057] these vacuum devices — as an example, the distance H of the anode electrode 24 and an electron emission 
^ment can be measured as a range of lkV - 10kV, and the electron emission characteristic can be measured for the 
>ltage of the anode electrode 24 as a range of 2mm - 8mm 

058] Drawing 4 is a graph which shows the property of the electron emission element manufactured by the 
anufacture method of this invention. 

059] In drawing 4 , the element voltage Vf is taken along a horizontal axis, element current If and the emission 
rrent le are taken along the vertical axis on it, and the arbitrary unit shows each value. 

060] The emission current le increases rapidly the electron emission manufactured by the manufacture method of this 
/ention by the seal of approval of the voltage more than threshold voltage Vth, and the emission current le is hardly 
tected on the voltage not more than it. That is, it is a non-line type element with the clear threshold voltage to the 
lission current le. Moreover, the discharge charge caught by the anode voltage 24 can control the element voltage Vf 
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lependiag on time to carry out a seal of approval. Threshold voltage Vth changes depending on the distance between " 
n 'emitter and the gate. 

0061] For a low-battery drive, it is required that the distance between that threshold voltage Vth is low, i.e., an emitter, 
nd the gate should be small. 

0062] Next, the electron source which arranges two or more electron emission elements mentioned above, and is 
■btained is explained using drawing 5 . 

0063] As shown in drawing 5 , many electron emission elements mentioned above are arranged in the shape of a 
aatrix, and an electron source is formed. 

0064] The direction wiring 31 of X consists of wiring of two or more, and can consist of conductive metals formed 
sing a vacuum deposition method, print processes, the spatter, etc. The material of wiring, thickness, and width of face 
re designed suitably. Moreover, the direction wiring 32 of Y consists of wiring of two or more, and is formed like the 
irection wiring 31 of X. The insulating layer 33 is formed between these direction wiring 31 of X, and the direction 
/iring 32 of Y, and this insulating layer 33 has separated both electrically. 

3065] Si02 in which the insulating layer 33 was formed using a vacuum deposition method, print processes, the 
patter, etc. etc. — it is formed Thickness, material, and a process are suitably set up so that this insulating layer 33 may 
e formed in the whole surface of the substrate 1 in which the direction wiring 3 1 of X was formed, or the 
onfiguration of in part a request and can bear the potential difference of the intersection of the direction wiring 3 1 of 
I, and the direction wiring 32 of Y especially. 

)066] The element electrodes 4 and 5 of the couple which constitutes an electron emission element are electrically 
onnected to the direction wiring 31 of X, and the direction wiring 32 of Y, respectively. 

)067] Even if the material which constitutes the direction wiring 3 1 of X and the direction wiring 32 of Y, and the 
lement electrodes 4 and 5 of a couple have same some or all of the composition element, each may differ. These 
laterial is suitably chosen from the material of the element electrodes 4 and 5 mentioned above. It can also be said that 
le wiring linked to the element electrodes 4 and 5 is the element electrodes 4 and 5 when the material and the wiring 
laterial which constitute the element electrodes 4 and 5 are the same. 

)068] About the array of an electron emission element, one side of the electrode of two or more electron emission 
ements which allotted two or more electron emission elements in the direction of X and the direction of Y in the 
lape of a matrix as mentioned above, and were allotted to the same train is connected common to wiring of the 
jection of X, and another side of the electrode of two or more electron emission elements allotted to the same train is 
)nnected common to wiring of the direction of Y. 

>069] Moreover, the thing of various composition is employable besides the composition of such simple matrix 
Tangement. For example, there is a thing of thejadder-like arrangement which carries out the control drive of the 
ectron from an electron emission element by the control electrode (grid electrode) which allotted many lines of the 
ectron emission element which connected two or more electron emission elements arranged in parallel at each ends 
ine writing direction), and was allotted above this electron emission element towards intersecting perpendicularly 
ith this wiring (the direction of a train). 

•070] Next, the image formation equipment using the electron source mentioned above is explained using drawing 6 . 
•071] Drawing 6 is the perspective diagram showing the outline composition of the image display equipment of this 
vention. 

072] In drawing 6 , the electron-source substrate which 8 1 allotted two or more electron emission elements, the rear 
ate with which 91 fixed the electron-source substrate 8 1 , and 96 are the face plates by which the fluorescent screen 94 
Ld the metal back 95 grade were formed in the inside of a glass substrate 93. Moreover, 92 is a housing and the rear 
ate 91 and a face plate 96 are connected to this housing 92 using frit glass etc. 

073] An envelope (panel) 98 is constituted by a face plate 96, a housing 92, and the rear plate 91 as mentioned above. 
Tien it has intensity sufficient by substrate 8 1 the very thing, the rear plate 8 1 can be made unnecessary [ the rear 
ate 91 of another object ], and since it is prepared in order to mainly reinforce the intensity of a substrate 81, even if a 
bstrate 81 and the rear plate 91 are really the members of composition, it does not interfere. 

074] In a position, a face plate 96, a housing 92, and the rear plate 91 are set, and it fixes, and frit glass is applied to 
s adhesion side which the face plate 96 which has stationed the fluorescent screen 94 and the metal back 95 of a 
•using 92 on the inside front face, the rear plate 91, and a housing 92 join, and they are sealed [ heating baking is 
nied out and ]. 

075] In addition, various things, such as lamp heating which used the infrared lamp etc., and a hot plate, can be used 
r a heating means to calcinate and seal an envelope 98, and it is not limited to these. 

376] Moreover, the charge of a binder which carries out heating adhesion of two or more members which constitute 
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•n envelope 98 is not restricted to frit glass, and after a sealing process, if it is the material which can form sufficient 
'acuum atmosphere, the various charges of a binder can be used for it. 

0077] The envelope 98 mentioned above is 1 operation gestalt of this invention, it is not limited to this and various 
tangs can be used for it. As other examples, the direct housing 92 is sealed in a substrate 81, and a face plate 96, a 
lousing 92, and a substrate 81 may constitute an envelope 98. Moreover, the envelope 98 which gave sufficient 
Qtensity to atmospheric pressure can also be constituted by installing the base material which is not illustrated [ which 
t is called spacer between a face plate 96 and the rear plate 91 ]. 

0078] In addition, the direction wiring of Y and 84 show an electron emission element, and, as for the inside of 

rawing 6 , and 82, the direction wiring of X and 83 show a secondary terminal, respectively, as for 97. 

0079] The fluorescent screen 94 formed in drawing 7 (a) and (b) at the face plate 96 is shown typically. 

0080] In the case of monochrome, a fluorescent screen 94 can consist of only fluorescent substances. Moreover, in the 

ase of the fluorescent screen of a color, it can constitute from the black electric conduction material 122 and 

luorescent substance 123 which are called the black matrix shown in the black stripe shown in drawing 7 (a), or 

rawing 7 (b) by the array of a fluorescent substance. 

D081] In the case of color display, the purpose which establishes a black stripe and a black matrix is by distinguishing 
y different color between each fluorescent substance of a needed three-primary-colors fluorescent substance with, and 
laking the section black to suppress [ it not being conspicuous and carrying out color mixture etc. and ] the fall of the 
ontrast by the outdoor daylight reflection in a fluorescent screen 94. There is conductivity besides the material which 
lakes a principal component the graphite generally used as a material of a black stripe, and transparency and reflection 
f light can use a few material. 

)082] The method of applying a fluorescent substance to a glass substrate 93 cannot be based on monochrome and a 
Dior, but a precipitation method, print processes, etc. can be used for it. 

)083] Generally, the metal back 95 is formed in the inside side of a fluorescent screen 94. The purposes which prepare 
le metal back are making it act as an electrode for impressing raising brightness and electron beam acceleration 
altage, protecting a fluorescent substance from the damage by the collision of the anion generated within the envelope 
8, etc. by carrying out specular reflection of the light by the side of an inside to a face plate 96 side among 
iminescence of a fluorescent substance. The metal back 95 can perform data smoothing (usually called "filming") of 
ie inside side front face of a fluorescent screen 94 after forming a fluorescent screen 94, and it can form by making 
uminum deposit using vacuum deposition etc. after that. 

)084] In order to raise the conductivity of a fluorescent screen 94 to a face plate 96 further, you may prepare a 
ansparent electrode (un-illustrating) in the superficies side of a fluorescent screen 94. 

>085] Next, the vacuum-lock process which closes the envelope (panel) 98 which gave the sealing process is 
cplained. 

>086] after exhausting a vacuum-lock process through an exhaust pipe (un-illustrating) and making it into a 
ifficiently few atmosphere of an organic substance using the exhausts, such as an ion pump and a sorption pump, 
mating an envelope (panel) 98 and holding at 80-250 degrees C, by the burner, it is made to become hot and dissolve 
id it has stopped the exhaust pipe 

l 087] Getter processing can also be performed in order to maintain the pressure after closure of an envelope 98. This 
processing which heats the getter arranged at the position in an envelope 98 (un-illustrating), and forms a vacuum 
'aporationo film by heating which used resistance heating or high-frequency heating after closure just before closing 
e envelope 98. Generally, Ba etc. is a principal component and a getter maintains the atmosphere in an envelope 98 
r the absorption of this vacuum evaporationo film. 

088] Electron emission produces the image formation equipment constituted using the electron source of the simple 
atrix arrangement manufactured according to the above process by impressing voltage to each electron emission 
ement through the container outer edge children Dxl-Dxm, and Dyl-Dyn. And through a secondary terminal 97, high 
essure is impressed to the metal back 95 or a transparent electrode (un-illustrating), and an electron beam is 
celerated. The accelerated electron collides with a fluorescent screen 94, luminescence produces it, and a picture is 
rmed. 

089] The image formation equipment created by the manufacture method of this invention explained above can be 
ed also as image formation equipment as an optical printer constituted using the photosensitive drum besides display, 
ch as display of television broadcasting, a video conference system, and a computer, etc. 
090] 

xample] Hereafter, the electron emission element and image formation equipment which were manufactured by the 
mufacture method of this invention are explained more to a detail using a concrete example. 
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0091] <Example 1> drawing 1 is the plan and cross section of an electron emission element which were manufactured 
>y'the manufacture method of this example, and drawing 2 is the ** type view showing an example of the manufacture 
nethod of the electron emission element concerning this example. 

0092] Below, the manufacturing process of the electron emission element of this example is explained in detail. 
0093] First, after using blue sheet glass and washing-izing to a substrate 1, carbon with a thickness of 50nm was 
brmed with vacuum deposition, this carbon film — amorphous carbon — it is — sheet resistance -- 5x105 Omega/cm 2 
t was . 

0094] Then, after BEKU [ a photoresist (AZ1370/Hoechst A.G. make) / carrying out a rotation application by the spin 
oater and ], a photo-mask image is made to expose and is developed. Furthermore, it considered as the configuration 
>f the request which forms the resist pattern of the carbon films (conductive film) 2 and 3, carries out wet etching of the 
emaining films, and sets the discharge length W to 500 micrometers. 

0095] Next, Au with a thickness of 1 micrometer was formed by the spatter, the resist pattern was formed, wet etching 

•f the Au was carried out and the element electrodes 4 and 5 of a desired configuration were formed. 

0096] Next, as shown in drawing 2 , a detailed slit is formed using an atomic force microscope (AFM). The AFM 

quipment of the optical-lever method by the laser beam was used for the position detecting method. 

3097] As a conductive probe 7, it is Si 3N4. Radicalization processing of the nose of cam of a chip was carried out, 

nd the probe 7 covered by the vacuum deposition by Pt film was used after that. 

3098] By the optical means (un-illustrating), alignment of the probe 7 is carried out in the element electrode 4 and the 
enter of a simultaneously between five. At this time, a membranous position and a membranous state are also 
bservable by the AFM method in the state where potential is not applied to a probe 7. 

3099] Then, a probe 7 is scanned in the shape of a straight line with control units 8 and 9, giving potential between a 
robe 7 and the conductive film 2, and 3. The probe 7 grounded and gave the electropositive potential to the conductive 
.1ms 2 and 3. Seal-of-approval voltage was made to 5V ? and the scan speed was made into 0.1 micrometer/sec. 
)100] Carbon and a carbon compound are considered that an electropositive potential ********** s by the AFM 
lethod for changing to the gas which the water of adsorption adsorbed on the surface of the film and carbon become 
'om a carbon monoxide or a carbon dioxide, and hydrogen according to a chemical reaction. 

)1 01] In air atmosphere, more than 4V is required for the voltage which etching takes. In addition, an etching rate 
spends for slit width on the chip configuration of a probe 7, voltage, a scan speed, etc. depending on voltage. 
)102] After the scanning end, when the film was again observed by the AFM method without applying potential, 
Dout 80nm slit was formed. 

)103] When voltage was impressed and driven between the element electrode 4 of the electron emission element 
Lanufactured as mentioned above, and 5, the electron emission characteristic whose Vth is 75V was obtained. 
)104] When If not more than Vf=75V was measured, If hardly flowed but the leakage current was small. 
)105] <An example 2>, next the example 2 of the electron emission element manufactured by the manufacturing 
rocess of this invention are explained, this example is an example which used a different carbon material from an 
cample 1. 

)106] First, the organic material which consists of PAN (the poly acrylic nitril) after using quartz glass and washing - 
;ing to a substrate 1 is applied by using N and N-dimethylacetamide as a solvent using a spin coater, and it is N2. It 
dcinated at .900 degrees C by atmosphere, and the thin film which consists of amorphous carbon was produced, 
ickness ~ 30nm — it is — sheet resistance — 3x104 Omega/cm 2 it was . 

H07] Then, after BEKU [ it / with a spin coater / rotation-applying the photoresist (AZ1370/Hoechst A.G. make) 
id ], it considered as the configuration of the request which exposes and develops a photo-mask image, forms the 
sist pattern of the carbon films (conductive film) 2 and 3, carries out dry etching of the remaining films, and sets the 
scharge length W to 500 micrometers. 

•1 08] Next, Au with a thickness of 1 micrometer was formed by the spatter using the metal mask, and the element 
ectrodes 4 and 5 were formed. 

1 09] Next, it is with the AFM method like an example 1, and a detailed slit is formed. 

110] Then, the probe 7 was scanned in the shape of a straight line with control units 8 and 9 like the example 1, 
ving potential between a probe 7 and the conductive film 2, and 3. Seal-of-approval voltage was made to 4.5V, and 
e scan speed was made into 0.2 micrometer/sec. 

Ill] After the scanning end, when the film was again observed by the AFM method, about 50nm slit was formed, 
ithout applying potential. 

112] The judgment with inadequate formation of a slit is detectable by measuring resistance between the element 
tetrode 4 and 5. That is, it can judge whether the slit has reached the substrate because the resistance at the time of 
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neasuring by the about [ 0. 1 V ] low battery is infinity mostly. 

0113] When voltage was impressed and driven between the element electrode 4 of the electron emission element 
nanufactured as mentioned above, and 5, the electron emission characteristic whose Vth is 35V was obtained, 
vloreover,' the leakage current was small like the example 1 . 

01 14] In this example, since the qualities of an example 1 and carbon differed and membranous resistance has been 
>erformed low, Thickness d is small and can make slit width small. Therefore, Vth can also be made low and can aim 
it improvement in the electron emission characteristic. 

0115] <An example 3>, next the example 3 of the electron emission element manufactured by the manufacturing 
>rocess of this invention are explained. 

0116] The example 3 of the electron emission element manufactured by the manufacture method of this invention to 
[rawing 8 is shown. In drawing 8 , a conductive film, and 4 and 5 show an element electrode, and, as for 1, in a 
ubstrate, and 2 and 3, 6 shows the electron emission section, respectively. 

01 17] At this example, the manufacture procedure to slit formation is the same as that of an example 2. 
0118] Furthermore, a detailed slit is formed using the same AFM equipment as an example 2. That is, the electron 
mission section 6 of the structure which position modulation of the probe (not shown) is carried out to a rectangle, and 
hows a flat- surface top for it in drawing 8 with a control unit 8 was formed. 

01 19] In addition, seal-of-approval voltage is 4.5V, scan speeds are 0.2 micrometer/sec, and it is the same as that of an 
xample 2. 

0120] Thus, by carrying out position modulation and forming the electron emission section 6 on a flat surface, the 
oncentrating point of electric field can be limited and efficiency (Ie/If) can be improved. 

3121] In this example, although the configuration of the electron emission section 6 was made into the rectangle, 
iangular configuration like drawing 12 and other arbitrary configurations can be simply formed in comparison. 
D122] <An example 4>, next the example 4 of the electron emission element manufactured by the manufacturing 
rocess of this invention are explained. 

3123] The example 4 of the electron emission element manufactured by the manufacture method of this invention to 
rawing .9 is shown. Drawing 9 (a) is the plan of an electron emission element, and drawing 9 (b) is explanatory 
rawing of applied voltage. Moreover, in drawing 9 , an element electrode and 6 show the electron emission section, 
tid, in a conductive film, and 4 and 5, 9 shows [ a substrate and 2 and 3 / 1 ] the control unit of a probe (not shown), 
^spectively. 

)124] At this example, the manufacture procedure to slit formation is the same as that of an example 2. 

)125] Furthermore, a detailed slit is formed using the same AFM equipment as an example 2. That is, while scanning 

le probe in the shape of a straight line with the control unit (control unit 8 shown in drawing 2 ) (the direction of arrow 

! of drawing 9 (a)), seal-of-approval voltage was modulated by 4V and 8V with the control unit 9 (refer to drawing 9 

))). By this method, the electron emission section 6 whose slit width is two kinds, Ll=50nm and L2=120nm, is 

>rmed. 

)126] In this example, improvement in efficiency can be aimed at as compared with an example 2. 

)127] <An example 5>, next the example 5 of the electron emission element manufactured by the manufacturing 

rocess of this invention are explained. 

)128] The example 5 of the electron emission element manufactured by the manufacture method of this invention to 
rawing 10 is shown. Drawing 10 (a) is the plan of an electron emission element, and drawing 10 (b) is drawing of 
mgitudinal section of an electron emission element. Moreover, in drawing 10 , in 1, a substrate, and 2 and 3 show a 
mductive film and 6 shows the electron emission section, respectively. 

1129] The conductive films 2 and 3 which consist of a carbon film are formed thickly, and it is made to serve as the 
ement electrodes 4 and 5 in this example. 

1 130] Therefore, the conductive films 2 and 3 of 200nm of thickness were formed by the almost same method as an 
cample 2. 

'131] Then, the almost same equipment as an example 2 is used, and the electron emission section 6 is formed. 
J 132] First, a center section is scanned by seal-of-approval voltage 10V, and thickness of the portion is set to 50nm. 
aen, the same position is again scanned by seal-of-approval voltage 4.5 V like an example 2, and two steps of slits are 
rmed. 

133] Since a process is reducible by considering as such a manufacturing process, cost can be reduced. 
134] An example (example 6) of the electron source which has arranged to ten elements in the direction of X, and has 
ranged the electron emission element manufactured by the manufacture method which starts the example 1 of this 
vention at <example 6> drawing 5 in the shape of [ ten ] a matrix in the direction of Y is shown. 
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0135] The electron emission section 6 which consists of 100 electron emission elements manufactured by the 
nahufacture method of the example 1 mentioned above could be formed so that the amount of electron emission might 
:erve as dispersion which is 20%, and when it impressed and drove voltage between the direction wiring 31 of X, and 
he direction wiring 32 of Y, it was able to obtain the good electron emission characteristic. 
0136] An example (example 7) of the image formation equipment using the electron source of the example 6 
nentioned above to <example 7> drawing 6 is shown. 

0137] In drawing 6 , the sign given to each part material etc. is as having explained previously. 

0138] When the image formation equipment of an example 7 was driven, the good picture without brightness 

lispersion was able to be acquired. 

0139] 

Effect .of the Invention] According to the manufacture method of the electron emission element concerning this 
nvention, as explained above While threshold voltage is small by providing a conductive probe, giving potential 
»etween this probe and the aforementioned conductive film, making a probe scan, disappearing in some conductive 
ilms, and forming a slit, using carbon and a carbon compound as the electron emission section Electron emission 
fSciency is good and the electron emission characteristic that there are still few leakage currents can form the good . 
lectron emission section. 

0140] Moreover, according to the manufacture method of the electron emission element concerning this invention, 
Lnce it is processible in air atmosphere, a manufacturing process can be made easy. 

3141] Furthermore, the electron source which was excellent in the performance, and image formation equipment can 
e obtained by using such an electron emission element. 
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; NOTICES * 

Japan Patent Office is not responsible for any 
lamages caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
:.**** shows the word which can not be translated. 
.In the drawings, any words are not translated. 



ASCRIPTION OF DRAWINGS 



Brief Description of the Drawings] 

Drawing 1] It is drawing showing an example of the electron emission element manufactured by the manufacture 
lethod of this invention. 

Drawing 2] It is process drawing showing an example (example 1) of the manufacture method of the electron emission 
lement of this invention. 

Drawing 3] It is plant layout drawing which measures the property of the electron emission element manufactured by 
le manufacture method of this invention. 

Drawing 4] It is the graph which shows the property of the electron emission element manufactured by the 
lanufacture method of this invention. 

Drawing 5] It is the outline block diagram showing the electron source (example 6) of the simple matrix arrangement 
sing the electron emission element manufactured by the manufacture method of this invention. 
Drawing 6] It is the perspective diagram showing an example (example 7) of the image display equipment which 
>imed the electron emission element manufactured by the manufacture method of this invention in the shape of a 
atrix which fractured the part. 

)rawing 7] It is drawing showing the fluorescent screen used for the image display equipment of this invention. 
)rawing 8] It is drawing showing other examples (example 3) of the electron emission element manufactured by the 
anufacture method of this invention. 

)rawing 9] It is drawing showing other examples (example 4) of the electron emission element manufactured by the 
anufacture method of this invention. 

tewing 10] It is drawing showing other examples (example 5) of the electron emission element manufactured by the 
anufacture method of this invention. 

tewing 11] It is the ** type view showing an example of the conventional electron emission element. 
tewing 12] It is the ** type view showing other examples of the conventional electron emission element. 
tewing 13] It is the ** type view showing other examples of the conventional electron emission element 
description of Notations] 
Substrate 

3 Conductive film which consists of carbon and a carbon compound 
Five Element electrode 
Slectron Emission Section 
Conductive Probe 
Control Unit of Probe 
D otential Control Unit 
Ammeter 
Power Supply 
Ammeter 
Power Supply 
Anode Electrode 
Vacuum Devices 
Exhaust 

82 The direction wiring of X 

83 The direction wiring of Y 
Insulating Layer 
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1 1 Electron-Source Substrate 

14 Electron Emission Element 

)1 Rear Plate 

)2 Housing 

^3 Glass Substrate 

)4 Fluorescent Screen 

)5 Metal Back 

>6 Face Plate 

>7 Secondary Terininal 

>8 Envelope 

.01 Substrate 

02 Conductive Film 

03 Electron Emission Section 

22 Black Electric Conduction Material 

23 Fluorescent Substance 

01 Substrate 

02 Emitter Electrode 

03 Gate Electrode 
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